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Figure S1. Photograph of the experimental device for testing dielectric constant under tensile strain.


Note S1: Instrument calibration process
1. Parameter Settings
Before calibration, we determined the test conditions for the LCR impedance analyzer. The main considerations were the test frequency, test voltage, and scan speed.
a) Test Frequency
According to the GB/T 31838.6-2021 standard for relative permittivity testing, a frequency of 1 MHz should be used to measure capacitance below 100 pF, and a frequency of 1 kHz should be used for moderate capacitance range (1000 pF-10 uF). We measured the variation of frequency with capacitance for MgO and LaAlO3 samples and found that there were significant fluctuations in capacitance values within the range of 1 kHz to 100 kHz, making it difficult to obtain accurate readings as shown in Fig. S2. However, when the capacitance was measured within the range of 380 kHz to 1 MHz, the capacitance values were stable and increased. Since the capacitance values of MgO and LaAlO3 were significantly lower than 100 pF, we chose to test the relative permittivity under the condition of 1 MHz.
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Figure S2. Frequency dependent capacitance of LaAlO3 (a), MgO (b) and TPU (c). 

b) Test voltage
After determining the test frequency, we proceeded to determine the test voltage. The test results for MgO and LaAlO3 showed that within the available voltage range of the instrument, the capacitance values remained stable as the voltage increased. This indicates that the choice of test voltage has minimal impact on obtaining accurate capacitance values. According to the GB/T 5594.4-2015 standard for relative permittivity testing, we chose a test voltage of 1 V.
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Figure S3. Voltage dependent capacitance of LaAlO3 (a), MgO (b) and TPU (c).

c) Scanning speed
According to the national standard GB/T 31838.6-2021 dielectric constant test standard, the slower the scanning speed of the impedance analyzer, the more accurate the value obtained, so we set the test speed to "Slow".

2. Calibration of device
In the testing process, there are significant errors introduced by factors such as air, stray capacitance, and conductors between the plates. In order to validate the reliability of the instrument, we calibrated it using standard samples. Prior to calibration, we selected the most appropriate testing parameters shown above. The testing frequency was set at 1 MHz, testing voltage at 1 V, and testing temperature at 20 ℃. 
2.1 Instrument calibration
(a) Short-circuit calibration
After making contact between the upper and lower electrodes, select the short-circuit calibration button on the impedance analyzer. The system will automatically perform the short-circuit calibration.
(b) Open-circuit calibration
First, we connect the impedance analyzer to the upper and lower plates. When there is no contact between the plates, we measure the capacitance value ( pF) at 1 MHz.
(c) Load calibration
We place the MgO standard sample on the lower plate, and the upper plate descends at a speed of 0.1 mm/s. When the value of the stress sensor reaches 0.1 N, the plate stops moving. The thickness value is (d=0.505±0.001 mm), the effective area is (S=5×2.8=14 mm2) and capacitance measurement is (). By formula (1) we can calculate that the actual capacitance value is 2.11 pF, which can be described as follows:
                (2)
In equation (1), Cx is actual capacitance, Ct is capacitance measurement, C0 is open-circuit capacitance. Substituting the values of d, S, and Cx into equation (1), we obtain the relative permittivity (). The standard value of MgO's relative permittivity () is 9.8. The formulas for calculating absolute error and relative error are as follows:
Absolute error :                    (3)
Relative error :                       (4)
Correction of capacitance value :（pF）           (5)
Next is the calibration of the thickness value. When there is no sample between the plates, the upper plate descends at a speed of 0.1 mm/s. When the value of the stress sensor reaches 0.1 N, the plate stops moving, and the software control program sets the position of the voice coil motor to the "zero position".
2.2 Verification of the correction value
To verify the accuracy of the capacitance correction value, we selected the LaAlO3 standard sample for testing. We placed the LaAlO3 standard sample on the lower plate, and the upper plate descended at a speed of 0.1 mm/s. When the value of the stress sensor reached 0.1 N, the plate stopped moving. The thickness value was d=0.544±0.001 mm, and the effective area was S=5×2.8=14 mm2. The measured capacitance value ().
If, then the actual capacitance value:
                                               (6)
In equation (1),  is modified capacitance,  is correction of capacitance value. Substituting it into equation (2), the relative permittivity (). The standard value of LaAlO3 relative permittivity () is 24.6.
Through verification, we found that when the capacitance correction value (pF), the relative error of the relative permittivity of the LaAlO3 standard sample compared to the standard value of the relative permittivity is 0.081%. This indicates that the correction value is sufficiently reliable. After testing the MgO and LaAlO3 standard samples, it was determined that the capacitance correction value during the device measurement is 0.304 pF. Therefore, through calibration using the standard samples, we obtained the calibration formula for relative permittivity as:
                                          (7)
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Figure S4. FTIR of TPU under different stretching strain (ε).
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Figure S5. FTIR spectra of TPU at strain of 100% (a), 200% (b), and 300% (c), respectively.
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Figure S6. Azimuth angle dependence of the 1D-SAXS intensity of TPU under different strains.

Table. 1 Displacement of scattering peaks(q=1.45) under different tensile states
	Strain(%)
	0
	100
	200
	300
	400
	500

	q(Å-1)
	1.458
	1.447
	1.447
	1.447
	1.447
	1.447

	d(Å)
	4.305
	4.338
	4.338
	4.338
	4.338
	4.338



Table. 2 Displacement of scattering peaks(q=1.55) under different tensile states
	Strain(%)
	0
	100
	200
	300
	400
	500

	q(Å-1)
	1.553
	1.553
	1.547
	1.547
	1.547
	1.541

	d(Å)
	4.043
	4.0435
	4.058
	4.0581
	4.058
	4.072
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